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1.0 I ~ i t r u d u c t i u i ~  : 

Fluidised Bed combustion (FBC) systems for firing high ash coals and low grade fuels are gaining 
wide acceptance in industrial and utility sectors in India due to abundance o f  such fuels. The 
resources o f  all types o f  coals in ltidia is estimated to be 192 billion tonnes. As much as 40% of 
the resources contain iiioic tlian 32% ash Ik id iscd bed conibustion is the only option to utilise 
these f k l s  i t i  an cconotnically viable and ciiviroiiiiioiitiilly acceptable manner Fluidised bcd 
cotnbustioii has a niiuibcr o f  attractions for stcaiii gcticration. ‘l’he major advantages include 
cxccllent combustion o f  wide variety o f  fuels, low pollutant emissions and increased heat transfer 
rates. 

Commercial application o f  fluidised bed combustion for steam generation started in the late 70’s in 
India. Present fluidised bed combustion boilers in India are of conservative design due to lack of 
inrormation 011 the conibustion cliaractciistics of high ash coals in I 3 C .  I:urther, since no sorbent 
is requiicd with liidiari coals due to llicir low sulpliur content. the bcd depths arc iiiucli sliallowcr 
conipai-cd to tlic decp bcds adoptcd for high sulpl~ur Wcsterii coals 

2.0 Role of lircebu:ird in lil i i idised Ued Cuiiibtisliuii Piminces : 

A critical grey area o f  FBC teclinology for boiler application i s  the design o f  the free board zone o f  
the fluidised bed coinbustor. Free board zone i s  the region between tlie top o f  the fluidised bed 
and  lie lirst convective surrace Its primary function is to allow particles ejected from the bed to 
decelerate and fall back into the bed I t  also piovidcs additional gas to gas and gas to solid 
contact so that coinbustion o f  volatiles and char [iarticles can take place. The phenomenon o f  free 
board combustion is a result o f  combustion or elutriated solids and the combustion o f  the unburnt 
volatiles. Proper estimation o f  tlie rrec board combustion i s  o f  vital importance in optimum design 
of fluidiscd bed combustion. 

3.0 FrfeUonrd Cuiiibusliuii I’hci~oi~ieiioit : 

Bubble eruption at the bed surface is rcsponsible for tlie solids release into the free board. Solids 
contained iii tlie leading bulge portion of tlie bubble burst out as the bubble erupts at the free 
surface and ale thrown up into the free board. 

The possibility ofiocoinplete combustion of volatiles in the bed and escaping to the free board also 
exists. Volatiles which are released during the tinie the coal particles are carried from the feed 
point l o  the top of the bed wil l  be contained in an axially symnictric region centred on a vertical 
axis through the feed point. If suflicient oxygen is not supplied to this volatile release zorie, tlie 
volatilcs will escape the bed and but 11 in the Free board. 

The plienomenon o f  free board combustion is  tlie net result o f  combustion o f  char in the elutriated 
solids and the combustion o f  unburnt volatiles escaping from the bed into the free board. 

146 



4.0 I~WC U o a d  Conibiistioii Rlodcl : 

Wliile individual niodels are available for estimating the elutriation rates and for volatile release in 
fluidised bed, stand-alone niodel to predict the free board conibustion which can be directly 
applicable for boiler fiirnace design are veiy rare. With lliis ~iurpose in mind, a niodel to prtlict the 
free board coinbusrioii taking into account coal propcrties. coal size dislribulion, superficial 
fluidisation velocity RL bcd tcinpcraturc has bccii cvoIvcd. 'fliis niodcl has been developed for 
uiiderbcd rucl fcetliiig systeni wlicrciii tlic liicl i s  iiijccted into the bed pneuiiiatically tlirougli 
niul[iple fectl points locatctl iii tlie air distributor. Considering the vigorous mixing and fiature of 
coliibustion in Iluitliscd bed. i t  is assiinied that no carbon monoxide formed due to partial 
conihistion ol'solid cnrboii iii tlic bctl C S C R ~ C S  the bctl. It i s  assuiiicd that the volatile coiiibustible 
portion cscapiiig tIic IIuitIiscrI bct~.  &iip~ctdy burns iii the fcec board zone wIiicIi is n reasonable 
assumption 

Elutriatiori rate is determined by the following correlation : 

U.J5 I.JZ 2.G 

' f l i i s  correlation includes elTects o f  viscous force, particle nionientuin & buoyancy force and hence 
more representative among tlic iiiodels for clulrialioti. The carboii in clutriated particle depends 
on tlic extent o f  c~~~i ibust ion wliicli lias takcii place iii tlic fluitliscd bctl. l'lic specific burning rate 
is given by I /  (I/liiii 4- Illk) , wlicrc Iini is the iiiass traiisfer cocflicicnt arid I l c  [lie reactivity. 
Mass tiaiislcr cocllicieiit is deteriiiinetl based on Slierwood number atid dilliusivity. Reactivity is 
estiiiiatcd based 011 rate constants for bituiiiiiious char. Tl ie sanie niodel is used for determining 
the carbon burn out in fleeboard by suitably apportioning llic rate controlling parameters. 

For estiniatioti o f  volatile conibustioii in the bcd, a pluiiie iiiodel based on instaiieous release o f  
volatiles and lateral tlilliision is used. The cross-section over which [lie volntiles are released is 
deteriiiiiicd by tlie solid dilliisivity I)r wliicli is estimated by using tl ie correlation. 

3 6 Ud u h  
u r  = _ _ _  __---- --_______ 

I O  1-6 E,.r 
Extent o f  combustion o f  volatiles in the bed is dependent on the oxygen availability in this volatile 
release zone and the unburrit volaliles escape into the free board where the environment is 
conduckive ror r'dl conibustioii. 

Enclosed ligule shows the sclieiiiatic o f  the niodcl 

5.0 Exacriiiieiilal ihcil i tv 81 'l'cst Dclnils : 

A lesl Cicility located iii the I<&D coniplex of UHEL. 'fituclii, was used for conducting the 
experiments. l l i i s  facility consists of a Iin x In1  cross-section refractory lined combustor with a 
combustor height o f  I 1111. Tube bundles are provided in the fluidised bed to extract lieat and 
maintain t l ie bed teiiiperatiire. Under bed coal feeding system is  provided. A shallow bed is 
adopted with an expaiidcd bed Iieiglit o f600 nilii. 'l'lie cotlibustor i s  designed for balanced draR 
oiieration i n  the free board. 
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Tests wcre conductcd with high ash sub-bituminous coals normally available for FUC boilers as 
Fuel. 'rile fuel rate was maintained constant in each tcst and the air {low rate was adjusted to obtain 
the required lluidisation velocity. Once thc reqiiircd vclocity was acliieved final atljustiiient of the 
coal fccd ratc w a s  pci foi nicd to iii;iintiiiii cxccss ail- lcvcls within tlic sclccted range. Aflcr 
stabilising at each condition, tcsts wcre coliducicd for a pcriod o f 4  liours and data were collected. 

6.0 Tcst Rcsiilts R Aiinlvsis : 

Free board combustion as a percentage of heat input was computed for each of tlie test data. Free 
board combustion ranged bituminous coal dcpeiiding on tlie superficial 
lluidisatioii vclocity. 'l'lic proposcrl niatllcnlatical iiiodcl was uscd to predict the Free board 
coinbustioil undcr siniulated condition of tcst ruiis. I'igure sliows t l ~ e  predictioiis from the model 
and thc tcst V~ILICS. I t  can be secii that tlic frcc board coinbustion computed from tlie test data 
generally tallies with tlic prcdictiom ' 1 1 1 ~  frcc board combustion values arc on the higher side 
conipared to the values obtained by rcsearclicrs for Western coals. Itcason can be attributed to 
less fines and coal cliaracteristics considc~ctl iii tlic Itittci-s' cxlicrinicnts. 

Also indicated are the variation of frcc board combustion with paramcters like bed 
teiiiperature,~iies, fluidisation velocity and excess air. Prediction of free board combustion with 
variations in opcrating fluidisation velocity, average bed teiiiperature, percentage fines (4 mm) 
and exccss a i r  are ~ O I ~ I ~ ~ C I I S L I I : L I ~  with the operating cxpcriccc in fluidiscd bcd combustion boilers 
ovcr tlic raiigcs consitlcrctl. 

7.0 Coiiclusiuii : 

A model has been developed to predict the free board combustion in fluidised bed boilers. This 
model lias been validated for application to liigli ash Indian coals . 'Ilie proposed model can be 
used for sizing tlie l i ce  board rcyion offluidisetl bcd boilcrs iii an optiiiiuni inanncr. 
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9.0 Abbrcviatiuns : 

E : Elutriatiori Rate Constant di : Size Fraction 
pa : Viscosity of gas ps : Solid Density 
pg  : Ilensity orgas 6 : Bubble Voidage 
U, : Superficial Gas Velocity db : Uubble Din 
dp : Mean I'article Dia €.,I : Voidage at Minimum 

Fluidisation Velocity 

l7oin 6 - 9% Tor 
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INI'U'I P A M h l  ETERS 

CORIPUTA'I'ION AND I)ISCREIISATION COMPUTATION OF VOLATILES 
ENTERING FREEBOARD (C) OF ELUTRIANI'S (A) 

COMPUTATION OF UNBURNT CIIAII 

COMPUTATION OF IlEAT RELEASE 
DUE TO UNIIURNI' CllAll IN 

EI,U'IIlIANIS 

COMPUTATION OF HEAT 
RELEASE DUE TO VOLATILE 

COMBUSTION 

IIEAT RELEASE DUE FREEBOARD COMBUSTION 
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